
respond, the degree of response of blood pressure is
less for a given dose in black than white patients. There
are no ideal antihypertensive drugs for black patients,
and these data suggest that poor compliance does not
account for the failure to control blood pressure.
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Sustained compression and healing of chronic venous ulcers
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Abstract
Study objective-Comparison of four layer

bandage system with traditional adhesive plaster
bandaging in terms of (a) compression achieved and
(b) healing ofvenous ulcers.
Design-Part of larger randomised trial of five

different dressings.
Setting-Outpatient venous ulcer clinic in

university hospital.
Patients-(a) Pressure exerted by both bandage

systems was measured in the same 20 patients. (b)
Healing with the four layer bandage was assessed in
148 legs in 126 consecutive patients (mean age 71
(SE 2); range 30-96) with chronic venous ulcers that
had resisted treatment with traditional bandaging for
a mean of 27-2 (SE 8) months.

Interventions-(a) Four layer bandage system or
traditional adhesive plaster bandaging for pressure
studies; (b) four layer bandaging applied weekly for
studies of healing.
End points-(a) Comparison of pressures

achieved at the ankle for up to one week; (b)
complete healing within 12 weeks.
Measurements and main results-(a) Four layer

bandage produced higher initial pressulres at the
ankle of42-5 (SE 1) mm Hg compared with 29-8 (1-8)
for the adhesive plaster (p<0001; 95% confidence
interval 18-5 to 6 9). Pressure was maintained for one
week with the four layer bandage but fell to 10-4
(3.5) mmHg at 24 hours with adhesive plaster
bandaging. (b) After weekly bandaging with the four
layer bandage 110 of 48 venous ulcers had healed
completely within 12 (mean 6*3 (0.4)) weeks.
Conclusion-Sustained compression of over

40mm Hg achieved with a multilayer bandage results
in rapid healing of chronic venous ulcers that have
failed to heal in many months of compression at
lower pressures with more conventional bandages.

Introduction
Venous or gravitational ulcers result from failure of

the calf muscle pump due to venous incompetence,
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paralysis, or immobility. The resulting venous and
capillary hypertension increases permeability and pro-
duces tissue oedema and perivascular deposition of
fibrin, which creates a barrier to diffusion around the
capillaries and results in necrosis. ' The need for
compression to reverse the effects of venous and
capillary hypertension has been recognised for
centuries,2 but adequate studies on the amount of
compression required for optimal healing and how this
might be sustained in patients with large and discharg-
ing venous ulcers have not been performed. Without
compression, healing rates of 30% at 10 weeks have
been reported as acceptable3 4; when compression with
standard gauze and elastic bandages was applied
healing rates were about 45% at 12 weeks.56
An external pressure of 35-40 mm Hg at the ankle

has been calculated to be necessary to prevent capillary
transudation in legs severely affected by venous
disease.' We designed a system of bandages to achieve
and sustain this compression for at least one week and
tested this bandage in our venous ulcer clinic, where
for many years bandages of gauze impregnated with
zinc held in place by adhesive plaster had been used to
treat venous ulcers. Five different dressings were used;
only one, pinched skin grafts, significantly influenced
healing.89

Patients and methods
In our clinic 126 patients (148 legs) had chronic

venous ulcers that had resisted treatment of bandaging
with gauze impregnated with zinc and adhesive plaster
for a mean of 27-2 (SE 8) months.On their entry to this
study full clinical evaluation was repeated and included
Doppler assessment of arterial pressure at the ankle.
Patients with arterial disease and an ankle:brachial
arterial pressure ratio of less than 0-8 had been
excluded as they were at risk of necrosis from high
compression bandaging.
The original bandage system was one widely used

throughout the country-namely, an initial layer
of gauze impregnated with zinc compressed by
Elastocrepe and kept firmly in place by adhesive
plaster. The new four layer bandage incorporated an
inner layer oforthopaedic wool (Velband; Johnson and
Johnson) to absorb any exudate and redistribute
pressure around the bony high points of the ankle.
This was compressed with a standard crepe bandage
(Elset; Seton), which preserved the elastic energy of
the main compression bandage and made application
easier. Finally, a lightweight elasticated cohesive
bandage (Coban; 3M United Kingdom) maintained
the bandage in place for a full week. All bandages were
applied at mid-stretch so that compression was
achieved more by elasticity and overlap than by the
tension applied by the bandager.
The patients' ulcerated legs were randomly assigned

to be dressed with one of five dressings: 43 received a
non-adhesive dressing (NA; Johnson and Johnson),
25 received pinch skin grafts, 26 received a hydrocol-
loidal dressing (Granuflex; Squibb Surgicare),
28 received porcine dermis (Johnson and Johnson),
and 26 received silver sulphadiazine (Flamazine;
Smith and Nephew Pharmaceuticals).

Pressure measurements with both types of bandage

TABLE i-Mean (SE) pressures (mm Hg) exerted by adhesive plaster andfour layer bandages immediately
after bandaging

Adhesive plaster Four layer bandage Difference 95%
(n=20) (n=20) (significance) Confidence interval

Medial malleolus 29-8 (1l8) 42-5 (1-0) - 12-7 (p<0001) 18-5 to 6-9
Gaiter 19-4 (1 9) 38-8 (1-5) -19-4 (p<0001) 25 2 to 13-6
Calf 12-9 (2-1) 35-1 (1-3) -22-2 (p<0001) 27-2 to 17-1
Below knee 5-8 (0 5) 17-2 (1 7) -11-4 (p<0001) 17-7 to 5 0
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FIG 1-Relation of compression by four layer bandage and circum-
ference ofankle (r= -0-63; p<0 01)

sequentially were made on 20 consecutive patients.
Compression was measured 2 cm above the medial
malleolus, in the gaiter area, at mid-calf, and below
the knee with a medical stocking tester (Saltzman,
Switzerland). The adhesive plaster bandage was
applied by the existing clinic staff, who were ex-
perienced in its use and satisfied with the results;
the four layer bandage was applied by those who
introduced it. Thus the comparison was betweeen
adhesive plaster bandaging as applied by its pro-
ponents and the four layer bandage as applied by its
supporters. Four, eight, and 24 hours and seven days
after bandaging the pressures were measured 5 cm
above the medial malleolus with an Oxford pressure
monitor (Tally Medical UK), which was both less
cumbersome and more accurate over prolonged
periods than the medical stocking tester. The length of
the legs and their circumference at both the ankle and
calf were measured and correlated with compression.
The variation in measurements ofpressure achieved by
different members of the team was also analysed.
Each week the ulcers were cleaned with saline before

being rebandaged in the outpatient department. The
total area of ulceration on each leg was measured each
week: the margins were traced on to acetate sheets, the
tracings were transferred on to card with a known ratio
of area to weight, and the card was cut out, weighed,
and converted to the total area of ulceration on each
leg. When ulcers had healed the patients were fitted
with high compression elastic stockings (Sigvaris;
Camp) and reviewed at intervals of three months for
signs of recurrence. Ulcers that had not healed at 12
weeks were considered to be treatment failures; and
these patients then underwent full assessment with a
view to operation.

Differences in compression and rates of healing
between the two bandages were assessed by the
non-parametric Mann-Whitney U test.

Results
Bandages of gauze impregnated with zinc, Elasto-

crepe, and adhesive plaster produced a mean pressure
at the medial malleolus of 29-8 (SE 1-8) mm Hg; the
pressure fell gradually to only 5 8 (0 5) mm Hg below
the knee (table I). The four layer bandage achieved
significantly higher pressures: mean pressures were
42 5 (1) mm Hg at the medial malleolus and 17-2 (1-7)
mm Hg just below the knee (p<0-001). Furthermore,
the pressures achieved by different bandagers were
more consistent with the four layer bandage: initial
pressures at the ankle ranged from 33 to 50 mm Hg
compared with 18 to 55 mm Hg with adhesive plaster.
Figure 1 shows the inverse relation between the
circumference of the ankle and pressure at the ankle
(r= -0-63, p<0 001); the shape of the leg was the main
reason for graduated compression.
Measurements with the pressure monitor showed
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TABLE II-Cumulative number
ofvenous ulcers healed withfour
layer bandaging

Weeks Cumulative No healed

1 2
2 14
3 33
4 47
5 60
6 73
7 81
8. 86
9 95
10 100
1 1 105
12 110

that compression under the standard adhesive plaster
bandage deteriorated rapidly. Ankle pressure fell
to 15-5 (SE 3 2) mm Hg at four hours and 10-4
(3 7)mm Hg at 24 hours (p<0-001) (fig 2). In contrast,
the pressure under the four layer bandage rose from
40(0 (2 8) mm Hg to 44 5 (2-1) mm Hg at eight hours.
By the next morning the mean pressure had returned
to near initial values and one week later was only
3 7 mm Hg lower, at 36-3 (3 7) mm Hg (fig 2).

50

40-

Four layer bandage

E 30-

,20-

10- Adhesive plaster

0O
0 8 16 24

Hours 1 Week
Time after bandaging

FIG 2-Mean (SE) pressure exerted just above medial malleolus by
adhesive plaster andfour layer bandage

The 148 ulcerated legs had been treated with
adhesive plaster bandaging for a mean of 27-2 (8-0)
months. The mean age of the patients was 71 (2) (range
30-96), and 22 patients gave a clear history of a deep
venous thrombosis. The mean area of ulceration was
15 4 (6 8) cm2 when the four layer bandage was first
applied, after which healing was rapid. A peak healing
rate of 3 5 (1-2) cm2/week was achieved during the
second week. During the 12 weeks of study 110 of the
148 ulcers healed completely in a mean time of 6-3
(0-4) weeks (table II).
Compliance in wearing the Sigvaris high pressure

stockings was good, and 111 patients wore them
regularly at one year. The rate of recurrence ofulcers in
this group was 22% (24) compared with 45% (7) in the
few patients who failed to comply.

Discussion
Compression by adhesive plaster bandaging seems

to be inadequate (30 mm Hg), to depend on the
technique of application, and to dissipate rapidly after
a few hours. In contrast, the four layer bandage
achieved pressures of about 40 mm Hg, which
depended less on the bandager and were sustained for
at least one week. The slight rise in pressure at eight
hours may be attributable to swelling of the foot during
the day and presumably occurred each day.

Compression was related to the diameter of the ankle
and was greater in patients with small ankles. This can
be predicted from Laplace's law; the pressure in a
cylinder exerted by uniform tension in the wall is
inversely proportional to the radius. Graduated com-
pression was therefore applied automatically when the
same tension and overlap were used, as the radius of
the leg increases from ankle to calf. The consistent
compression with the four layer bandage is due to the
overlap and elasticity of the bandages, which achieve
the pressure when bandages are applied at mid-stretch.
Different people using one bandage may apply widely

different pressures as single bandage systems rely
on the skill of the bandager.'0 Furthermore, in a
multilayer system the mistakes in tension in any one
layer will tend to be averaged out. The danger of
applying too high a pressure, particularly in the
absence of arterial pulses, has been reported recently. 4
Other studies reported that up to one quarter of the
initial pressure under adhesive plaster bandages
dissipated within 30 minutes, and three quarters of the
pressure under a single elastic bandage dissipated
within eight hours." 12 The four layer bandage seems to
be unique in producing the necessary compression to
prevent capillary transudation and in sustaining it over
a full week.
The rate ofcomplete healing achieved by 12 weeks in

our study (74% of the ulcers) may be compared with
recent reports of 30% healed without any compression
and 45% healed with elasticated bandages in similar
periods.3' This wide range of rates of healing empha-
sises the need to determine the optimal compression
required. It almost certainly varies among patients and
needs to take into account height, weight, and severity
of venous insufficiency.
The benefits of adequate compression may be

realised in the large population of patients with ulcers
only when truly elastic bandages similar to those used
in this study are available in the community. These
bandages should be made available to district nurses
and general practitioners (they are currently not
prescribable on form FP1O), or some alternative com-
bination of materials already available on prescription
should be evaluated by similar methods. Although a
multilayer bandage may seem expensive, the hospital
contract price tor 12 weeks' bandaging to heal an
ulcer is £49, which is negligible when compared with
the cost of employing a district nurse to dress ulcers
that fail to heal (£5200 a year).

We are grateful to Johnson and Johnson, Camp UK, and
3M Health Care for their financial support, which funded the
venous ulcer clinic and its associated research.
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